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Abstract 
A planar ThermoElectric Generator (TEG) containing five thermocouples based on nanostructured metal-oxide 
elements wired electrically in series and thermally in parallel has been designed and fabricated. The thermoelectric 
elements consist of ZnO (n-type) and CuO (p-type) bundles of quasi-monodimensional nanowires deposited utilizing 
shadow masks. The TEG has been experimentally characterized, confirming feasibility of fabricating planar 
thermoelectric devices based on metal-oxide nanowires with the future aim to powering portable electronics and 
autonomous sensors and microsystems. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
The efficiency of thermoelectric devices depends on the figure of merit ZT, which is related, among 
other parameters, to the Seebeck coefficient of the materials. The ZT of the best bulk materials is about 1 
[1]. Recently, it has been demonstrated that Si-based quasi-monodimensional nanowires can be designed 
to achieve extremely large enhancements in thermoelectric efficiency, although at low temperature 
(T < 80 °C) [2-4]. Quasi-monodimensional metal-oxide nanowires would indeed be promising candidates 
to develop high efficiency thermoelectric devices due to their reduced dimensionality and excellent 
durability at high temperatures [5-6]. The Seebeck effect in ZnO [7] and CuO nanowires bundles 
 
* Corresponding author. Tel.: +39-030-3715896; fax: +39-030-380014. 
E-mail address: simone.dalola@ing.unibs.it. 
Available online at www.sciencedirect.com
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
347 Simone Dalola et al. /  Procedia Engineering  47 ( 2012 )  346 – 349 
deposited by physical thermal processes has been previously investigated successfully measuring high 
thermoelectric coefficients. 
2. Design and fabrication of planar thermoelectric generator 
The fabrication of a thermoelectric generator requires both n- and p-type materials. Combining ZnO 
(n-type) and CuO (p-type) nanostructured elements, a planar thermoelectric generator, consisting of five 
thermocouples electrically connected in series and thermally in parallel, has been designed and fabricated. 
Thermoelectric materials have been deposited on alumina 20 mm x 20 mm substrates using shadow 
masks. Each element consists of an S-shaped strip with 20 mm length and 1 mm width. The electrical 
contact is given by overlap of adjacent strips. Figure 1 shows the layout and a top-view picture of the 
fabricated planar thermoelectric generator. 
 
Fig. 1. (a) Schematic layout and (b) top-view picture of the fabricated planar thermogenerator based on ZnO (grey) and CuO (black) 
nanostructured elements. 
ZnO and CuO nanowires have been grown by a thermal evaporation process [8] and thermal oxidation 
technique [9], respectively. Gold nanoparticles have been deposited on alumina substrates by RF-
sputtering as catalyst for ZnO nanowires growth. ZnO nanowires have been grown in a furnace before 
deposition of copper film, to avoid any contamination. For ZnO, deposition time has been set at 10 min, 
powder temperature at 1370 °C and substrate temperature at 800 °C, and the pressure inside the tube at 
100 mbar, with 100 sccm argon flow. Copper film has been deposited by RF-sputtering (thickness 2 ȝm, 
room temperature, 5x10-3 mbar pressure, 50 W argon plasma). Then, the samples have been placed into a 
furnace and oxidized at 400 °C for 12 hours in 80 % oxygen - 20 % argon atmosphere (300 sccm flow). 
3. Experimental characterization and discussion 
The thermoelectric response of the fabricated thermoelectric generators has been experimentally 
investigated by means of a purposely developed experimental set-up, including two Peltier cells with 
driver stages as heaters, providing the temperatures TA and TB at the edges of the TEG, two reference 
Pt100 temperature sensors and a PC-based acquisition system, as shown in Figure 2. With the assumption 
that the temperatures TA and TB are uniform over each Peltier cell, the temperature difference ǻT applied 
across the sample has been calculated from measured data TA and TB, as: 
BA TTT  '  (1) 
The thermoelectric voltages generated by single nanowire strips and the entire TEG have been measured 
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using a pair of copper probing tips as a function of the applied temperature difference ǻT and amplified 
by means of a low-noise instrumentation amplifier INA111 with a gain of 100. 
 
Fig. 2. Schematic diagram of the experimental set-up for the characterization of the fabricated thermoelectric generator. 
The voltages ǻVZnO and ǻVCuO, provided, respectively, by single ZnO and CuO strips, are reported in 
Figures 3.a and 3.b, together with the applied temperature difference ǻT as a function of the time. The 
thermoelectric coefficients ĮZnO and ĮCuO of the ZnO and CuO strips have been estimated by linear fitting 
of the experimental data and they result in about -0.3 mV/°C and 0.5 mV/°C respectively. The sign of the 
measured thermoelectric coefficients is negative (positive) for ZnO (CuO) as expected for n-type (p-type) 
semiconductors [1]. 
 
Fig. 3. Applied temperature difference ǻT and measured thermoelectric voltages ǻVZnO and ǻVCuO versus time for (a) ZnO and (b) 
CuO nanowires strips. 
The overall thermoelectric voltage ǻV, provided by the entire thermoelectric generator, is proportional to 
the applied temperature difference ǻT and the Seebeck coefficient S of the entire thermoelectric 
generator, as expressed by: 
  TNTNTSV ZnOCuOZnOCuO ' ' ' ' DDD ,  (2) 
where N = 5 and ĮCuO,ZnO are the number and the Seebeck coefficient of the ZnO-CuO thermocouples 
composing the thermoelectric device, respectively. 
Figure 4.a shows the trends of the applied temperature difference ǻT and the thermoelectric voltage ǻV as 
a function of time. The thermoelectric coefficient S of the entire generator, estimated by linear fitting of 
measured data in Figure 4.b as predicted by (2), results of about 4 mV/°C, therefore each nanostructured 
ZnO-CuO thermocouple exhibits a Seebeck coefficient of about 0.8 mV/°C, as expected. The electrical 
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resistance of the entire TEG is about 9 Mȍ. 
 
Fig. 4. (a) Applied temperature difference ǻT and the thermoelectric voltage ǻV versus the time and (b) the generated voltage ǻV 
versus the applied temperature difference ǻT for the entire thermoelectric generator. 
4. Conclusions 
A planar thermoelectric device based on five ZnO-CuO nanostructured thermocouples has been 
fabricated and investigated for power generation. Each thermocouple exhibits a Seebeck coefficient 
ĮCuo,ZnO of about 0.8 mV/°C and the entire thermoelectric generator shows a thermoelectric coefficient S 
of about 4 mV/°C. Experimental data confirm the feasibility of fabricating planar thermoelectric 
generators for power generation based on ZnO and CuO nanowires deposited via shadow masks. 
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